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WASHABLE PHYSIOLOGICAL STATE
SENSING DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority of Provi-
sional Application Ser. No. 62/876,092, filed Jul. 19, 2019,
the entire contents of which 1s incorporated herein by
reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an electronic device, 1n
particular, to a washable physiological state sensing device.

Descriptions of the Related Art

As sensing technology becomes more and more mature,
the physiological information people obtained through
wearable devices can not only be helpiul for understanding
their physical conditions preliminarily, but also be used as
reference for other medical judgments through long-term
collecting.

However, 1t 1s hard for consumers to accept the applica-
tion of wearable device on body parts where 1s close to the
armpit, chest, the lower edge of chest or abdomen except for
making 1t into a bracelet, the reason 1s that most of the
sensors on the market now are made of plastic and have a
large sensing probe, which will discomiort the users when
placed on or contacted to their skin.

In addition, the cleaning of sensor 1s particularly impor-
tant due to direct contacting with human skin, but the present
sensor 1s waterproofed through nothing but rubber ring,
whereupon the sensor electrode that need to be exposed
cannot be effectively washed because 1t 1s normally a metal
layer made through the process of electroplating or lithog-
raphy, which will be oxidized easily after washing and also

separated from 1ts carrier to fall ofl. Therefore, 1t 1s one of

the important subjects to provide a physiological state
sensing device that can be washable and suitable for
attached to human skin.

SUMMARY OF THE INVENTION

In view of the foregoing, the purpose of this invention 1s
to provide a washable physiological state sensing device,

which 1s water-resistant and suitable for sticking to human
skin without discomiort.

To achieve the above, the present imnvention provides a
washable physiological state sensing device, including a
flexible carrier, a flexible electrode and a flexible conductive
circuit. The flexible carrier 1s made of elastic material and
provided with a bonding surface; The flexible electrode 1s
arranged on the bonding surface, and provided with a
flexible substrate and a plurality of conductive particles; The
conductive particles are doped 1n the flexible substrate, and
the tlexible substrate 1s made of elastic material. The flexible
conductive circuit 1s arranged on the bonding surface and
clectrically connected with the flexible electrode.

In one embodiment, the material of flexible carrier 1s
selected from polyurethane (PU), thermoplastic polyure-
thane (TPU), silicon, rubber, epoxy resin or textile fiber.
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In one embodiment, the material of flexible substrate 1s
selected from polyurethane, thermoplastic polyurethane,
silicon or rubber.

In one embodiment, the conductive particles include
graphene, carbon nano-tube or nano silver.

In one embodiment, the washable physiological state
sensing device further includes a flexible cover, which 1s
made of elastic material and covers at least part of the
bonding surface of the flexible carrier and the flexible
conductive circuit, with part of the flexible electrode
exposed.

In one embodiment, the material of the flexible cover 1s
selected from polyurethane, thermoplastic polyurethane,
silicon, rubber or UV resistant coating.

In one embodiment, the washable physiological state
sensing device further includes an anti-ultraviolet {film,
which 1s overlaid on the flexible cover.

In one embodiment, the washable physiological state
sensing device further includes an electronic component,
which 1s electrically connected with the flexible conductive
circuit.

In one embodiment, the electronic component 1s selected
from a temperature sensor, an acoustic transducer and a
combination thereof.

In one embodiment, the electronic component 1s electri-
cally connected to the tlexible electrode.

The detailed technology and preferred embodiments
implemented for the subject mnvention are described 1n the
tollowing paragraphs accompanying the appended drawings
for people skilled 1n this field to well appreciate the features
of the claimed 1nvention.

BRIEF DESCRIPTION OF THE DRAWINGS

The parts in the drawings are not necessarily drawn to
scale, the emphasis instead being placed upon clearly 1llus-
trating the principles of at least one embodiment. In the
drawings, like reference numerals designate corresponding
parts throughout the various diagrams, and all the diagrams
are schematic.

FIG. 1 1s a three dimensional view schematic diagram
showing a washable physiological state sensing device
according to a first embodiment of the invention.

FIG. 2 1s a side view schematic diagram showing the
washable physiological state sensing device according to the
first embodiment of the mvention.

FIG. 3 1s the schematic diagrams showing the washable
physiological state sensing device according to a first
embodiment of the invention.

FIG. 4 1s a breakdown schematic diagram showing a
washable physiological state sensing device according to a
second embodiment of the invention.

FIG. 5A 1s a schematic diagram showing an L-shaped
washable physiological state sensing device.

FIG. 5B 1s a schematic diagram showing an N-shaped
washable physiological state sensing device.

DESCRIPTION OF THE PREFERREI
EMBODIMENT

In the following description, this invention will be
explained with reference to embodiments thereol. However,
the description of these embodiments 1s only for purposes of
illustration rather than limitation.

Please refer to FIG. 1 and FIG. 2, a washable physiologi-
cal state sensing device 10 1n the first embodiment of the
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present invention includes a flexible carrier 11, a flexible
clectrode 12 and a flexible conductive circuit 13.

The flexible carrier 11 1s made of elastic material, which
1s characterized in at least but not limited to flexible,
stretchable, twistable or resilient. In the present embodi-
ment, the material of the flexible carrier 11 1s selected from
polyurethane, thermoplastic polyurethane, silicon, rubber,
epoxy resin or textile fiber, wherein the embodiment aspect
of epoxy resin can be flexible printed circuit (FPC). In
addition, the flexible carrier 11 1s also provided with a
bonding surface 111.

The flexible electrode 12 1s arranged on the bonding
surface 111 of the flexible carnier 11 and provided with a
flexible substrate 121 and a plurality of conductive particles
122, wherein the conductive particles 122 are doped 1n the
flexible substrate 121. The tlexible substrate 121 1s made of
clastic material that can be selected from but not limited to
polyurethane, thermoplastic polyurethane, silicon or rubber.
The conductive particles 122 include but not limited to
graphene, carbon nano-tube, or nano silver. In other words,
the flexible substrate 121 and the conductive particles 122
can be formed by doping in the state of non-solid raw
material. It 1s worth mentioning that the doping concentra-
tion of the conductive particle 122 can be adjusted according,
to the actual demand to achieve the required impedance
eflect. Moreover, the flexible electrode 12 can be used as the
clectrode for voltage or current sensing, or as general
clectrical connection pad to connect with the electrodes of
other electronic components.

The flexible conductive circuit 13 1s arranged on the
bonding surface 111 of the flexible carrier 11 and electrically
connected with the flexible electrode 12. In the embodiment,
part of the flexible conductive circuit 13 1s stretched to
partial flexible electrode 12 for a better electrical connection
ellect, such as increasing the electrical conductivity or
reducing the impedance. In other embodiments, 1t can also
be that partial flexible electrode 12 1s extended to part of the
flexible conductive circuit 13, which can be determined by
the process sequence. In addition, the main raw material of
the flexible conductive circuit 13 includes graphene, nano
silver or carbon nano-tube that can be easily formed by
coating or printing.

It 1s to be noted, the other end opposite to that electrically
connected with the flexible electrode 12 can be used as
connecting terminal electrically connected with other sys-
tem circuit boards or control circuit boards. The connection
terminal can be zero insertion force (ZIF) type or button
attaching type.

In other embodiments, another flexible electrode (not
shown 1n the figure) can be arranged on the other end
opposite to that electrically connected with the flexible
clectrode 12 for more applications. Furthermore, the tlexible
clectrode mentioned can be used as an electric stimulation
clectrode for the skin or muscle or as an electrode for heating
the skin 1n addition to being used for sensing.

To sum up, the washable physiological state sensing
device integrates a flexible substrate with a flexible carrier
that characterized 1n flexible, stretchable, twistable and
resilient, and dopes conductive particles mto the flexible
substrate so that the structure or conductivity of the wash-
able physiological state sensing device will not be damaged
alter being washed, so the washable physiological state
sensing device can be used even though repeatedly cleaned.

Moreover, the flexible electrode 12 can be used to connect
with other electronic components through medium such as
conductive adhesive or conductive bump, as shown in FIG.
3. For example, the electronic component 15 1s a micro
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temperature sensor or an acoustic transducer, the micro
temperature sensor can detect the temperature of human
body and the acoustic transducer can capture the voice in the
chest or abdominal cavity, such as heart sound, breath sound
or bowel sound when the washable physiological state
sensing device 10 1s attached to the skin of the human body,
through which the physiological state of the human body can
be judged by the back-end computing processor. The afore-
mentioned electronic component 15 may be a MEMS elec-
tronic component, such as a MEMS temperature sensor or a
MEMS microphone.

Referring to FIG. 4, 1n order to enhance the water resis-
tance, a washable physiological state sensing device 20 in
the second embodiment of the present invention includes a
flexible carrier 21, a flexible electrode 22, a flexible con-
ductive circuit 23 and a flexible cover 24, wherein the
flexible carrier 21, the flexible electrode 22 and the flexible
conductive circuit 23 have the same structure and functional
characteristics as those 1n the first embodiment, so 1t will not
be described 1n detail here.

The flexible cover 24 can be arranged on a bonding
surface 211 of the flexible carrier 21 to cover at least part of
the flexible conductive circuit 23 and part of the flexible
clectrode 22. The tlexible electrode 22 exposed to an open-
ing 241 of the flexible cover 24 1s an electrode to contact the
surface under-tested (e.g. skin) or to electrically contact
other electronic components. The tlexible cover 24 1s made
of elastic material selected from the polyurethane, thermo-
plastic polyurethane, silicon, rubber or UV resistant coating.

It 1s to be noted that the UV resistant coating can also be
attached to the tlexible cover 24 as a separate UV resistant
film (not shown 1n the figure).

In addition, the combination of the flexible electrode and
the flexible carrier mentioned above, as well as the combi-
nation of the flexible cover and the tlexible carrier, can be
bonded by direct hot pressing, or hot melt adhesive, or other
adhesives, which 1s not limited.

The above-mentioned washable physiological state sens-
ing device 1s based on linear type (or called line shape),
while 1t can also be implemented in different ways such as
L-shape, N-shape and S-shape in other embodiments. As
shown 1 FIG. SA, the washable physiological state sensing
device 30 includes a flexible carrier 31, a flexible electrode
32 and a flexible conductive circuit 33. Different from the
first embodiment, the washable physiological state sensing
device 30 1s L-shape, and the flexible conductive circuit 33
1s provided with an arc angle or chamier R01 at the turning
point to obtain better electronic conduction property. As
shown 1n FIG. 5B, the washable physiological state sensing
device 30' includes a flexible carrier 31', a flexible electrode
32' and a flexible conductive circuit 33', and the washable
physiological state sensing device 30' 1s N-shape as a whole,
and the flexible conductive circuit 33' 1s also provided with
an arc angle or chamifer R11 and R12 at the turning point to
obtain better electronic conduction property.

The washable physiological state sensing device of the
present invention can be directly attached to the skin of
human body through the design of different electrode num-
bers and arrangement modes, or arranged on the textile and
then contact the skin of human body for the purpose of
sensing or sending signals. The washable physiological state
sensing device can be used to obtain the sound of chest or
abdominal cavity, such as heart sound, breath sound or
bowel sound as well as to measure the temperature, elec-
trocardiography  (ECG/EKG), electroencephalography
(EEG), electromyography (EMG), the sound of blood flow-

ing 1n the fistula or body electrical impedance, and also be
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taken as the electric stimulation electrode for skin or muscle,
or the electrode for heating skin.

In conclusion, the washable physiological state sensing
device of the present invention 1s provided with the carrier
and the electrode designed with characteristics of flexible,
stretchable, twistable or resilient, the conductive particles 1s
doped 1nto the flexible substrate of the flexible electrode and
stretchable flexible conductive circuit 1s used, so the elec-
trode or circuit structure will not be damaged after being
washed (including flushed, scrubbed or stirred) and the
washable physiological state sensing device can be reused
without affecting the measurement characteristics; espe-
cially when added with the tlexible cover, the overall struc-
ture and waterproof washing characteristics of the washable
physiological state sensing device can be strengthened and
the overall service life can be prolonged.

The above embodiments merely give the detailed techni-
cal contents of the present invention and 1mventive features
thereol, and are not to limit the covered range of the present
invention. People skilled in this field may proceed with a
variety of modifications and replacements based on the
disclosures and suggestions of the mvention as described
without departing from the characteristics thereof. Never-
theless, although such modifications and replacements are
not fully disclosed in the above descriptions, they have
substantially been covered in the following claims as
appended.

What 1s claimed 1s:

1. A washable physiological state sensing device, com-
prising:

a flexible carrier, which 1s made of elastic material and has

a bonding surface;

a flexible electrode, which 1s arranged on the bonding
surface, and has a flexible substrate and a plurality of
conductive particles, where the conductive particles are
doped 1n the flexible substrate, and the flexible sub-
strate 1S made of elastic matenal;
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a flexible conductive circuit, which 1s arranged on the
bonding surface and electrically connected with the
flexible electrode; and

a flexible cover, which 1s made of elastic material and
covers at least part of the bonding surface of the flexible
carrier and the flexible conductive circuit, with part of
the flexible electrode exposed.

2. The washable physiological state sensing device of
claim 1, wherein the material of flexible carrier 1s selected
from polyurethane (PU), thermoplastic polyurethane (TPU),
silicon, rubber, epoxy resin or textile fiber.

3. The washable physiological state sensing device of
claim 1, wherein the material of flexible substrate 1s selected
from polyurethane, thermoplastic polyurethane, silicon or
rubber.

4. The washable physiological state sensing device of
claim 1, wherein the conductive particles include graphene,
carbon nano-tube or nano silver.

5. The washable physiological state sensing device of
claim 1, wherein the material of the flexible cover 1s selected
from polyurethane, thermoplastic polyurethane, silicon, rub-
ber or UV resistant coating.

6. The washable physiological state sensing device of
claim 1, further comprises an anti-ultraviolet film overlaid
on the tlexible cover.

7. The washable physiological state sensing device of
claim 1, further comprises an electronic component electri-
cally connected to the flexible conductive circuit.

8. The washable physiological state sensing device of
claim 7, wherein the electronic component 1s selected from
a temperature sensor, an acoustic transducer and a combi-
nation thereof.

9. The washable physiological state sensing device of
claam 7, wherein the electronic component 1s electrically
connected to the flexible electrode.
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